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POLYACRYLATE ELASTOMERS WITH 
IMPROVED ELASTICITY 

BACKGROUND OF THE INVENTION 

This invention relates to polyacrylate elastomers with 
improved elasticity, tear strength and abrasion resis 
tance. More particularly, it relates to a method for im 
proving the elasticity, tear strength and abrasion resis 
tance of polyacrylate elastomers by incorporating 
therein certain unsaturated esters and amides, de?ned 
hereinbelow. > 

Polyacrylate elastomers have been used extensively 
as special purpose elastomers where good low tempera 
ture properties and oil resistance are important, for 
example, in automobile gaskets, oil seals, and the like. 
These elastomers would be more broadly acceptable if 
it were not for their relatively high elastic modulus and 
low elongation at break. 
Methods which are conventionally used to lower the 

elastic modulus of elastomers, such as reduction in the 
concentration of curative, changing the ‘type and level 
of ?ller, addition of plasticizers, or a reduction of the 
concentration of cross-linking sites along the polymer 
backbone, are not effective. Such attempts have led 
instead to signi?cant reductions in tensile strength, tear 
strength and abrasion resistance. 
As a consequence, there remains a need for a method 

for reducing the elastic modulus of polyacrylate elasto 
mers, without affecting unduly the other desirable prop 
erties, such as tensile strength, tear strength, compres 
sion set and abrasion resistance. 

SUMMARY OF THE INVENTION 

It has now been discovered that the elastic modulus 
of polyacrylate elastomers is signi?cantly improved by 
the addition thereto, or incorporation therein, of certain 
esters and amides containing the structural grouping (I), 

(I) 

where R is a hydrogen atom or a methyl group; or, 
stated alternatively, wherein said esters and amides 
contain a double bond on a carbon atom situated in a 
position alpha to a carbonyl group. 
The present invention provides a method for effec 

tively improving the elastic modulus of polyacrylate 
elastomers. The method unexpectedly provides im 
provements in tear strength and abrasion resistance 
without concommitant signi?cant loss in tensile 
strength and without unduly affecting compression set 
properties. Moreover, the improved elasticity provided 
by the invention is retained after the elastomer has been 
aged in hot oils. 

It is therefore an object of the invention to provide 
polyacrylate elastomers having improved elasticity. 

It is another object of the invention to provide a 
method for improving the elastic modulus of polyacryl 
ate elastomers. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In accordance with the objects of the invention an 
effective amount of a compound having a double bond 
on a carbon atom alpha to a carbonyl group is incorpo 
rated, by conventional means, into a polyacrylate elas 
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tomer composition to provide a polyacrylate elastomer 
having improved elasticity. 

THE ELASTOMERS 

The invention contemplates broadly all vulcanizable 
acrylate elastomers having an active-halogen atom or 
an epoxide group, including those elastomers disclosed 
in U.S. Pat. Nos. 3,201,373; 3,335,118; 3,493,545; 
3,397,193 and.3,3l2,677; see also Vial, Rubber Chem. & 
Tech. 44,344(197l). More speci?cally, the invention 
contemplated acrylic elastomers prepared by polymer 
izing a major proportion of one or more alkyl acrylates, 
for example ethyl acrylate, with a minor proportion, 
e.g. 1-10 mole percent, of various chlorine and bromine 
containing compounds co-polymerizable therewith, for 
example, vinyl chloroacetate, 2-chloroethyl acrylate or 
vinyl chloroethyl ether, preferably vinyl chloroacetate, 
or compounds containing an epoxide group, e.g. allyl 
glycidyl ether. An example of a preferred polyacrylate 
elastomer is a 95/5 copolymer of ethyl acrylate and 
vinyl chloroacetate or vinyl chloroethyl ether. The 
elastomeric compositions may optionally contain minor 
amounts of other copolymerizable vinyl monomers, 
such as acrylonitrile, alkoxyalkyl acrylates, e.g., me 
thoxyethyl acrylate, or cyanoethyl acrylate, and the 
like. The polymers are made by conventional free radi 
cal, initiated emulsion or suspension polymerization 
systems. 

THE COMPOUNDS 

Compounds falling within the purview of formula (I) 
which are effective in providing acrylate elastomer 
compositions with improved elasticity include esters 
and amides of acrylic and methacrylic acid. 
A. Acrylic and methacrylic acid esters, including 

mono- and diacrylates and methacrylates of alkylene 
diols, for example, ethylene glycol, such as ethylene 
diacrylate and ethylenedimethacrylate and the like; 
mono-, di- and triacrylates and methacrylates of poly 
hydric alcohols, such as those represented by the for 
mula (II), 

R—C—(-CH2OH)3 (II) 

where R is hydrogen or lower alkyl, for example, the 
mono-, di- and triacrylates and methacrylates of tri 
methylolethane and trimethylolpropane; the mono-, di-, 
tri- and tetraacrylates and methacrylates of pentaeryth 
ritol, and the like. 

B. Acrylic and methacrylic acid amides, including 
acrylamide and methacrylamide; mono- and di substi 
tuted acrylamides and methacrylamides, e.g., N-alkyl 
and N,N-dialkyl acrylamides and methacrylamides, 
N-alkoxyalkyl- and N,N-di(alkoxyalkyl) acrylamides 
and methacrylamides, N-methylolacrylamide; al 
kylenebisacrylamides and methacrylamides, such as 
methylenebisacrylamide; oxydialkylenebisacrylamides 
and methacrylamides, such as oxydimethylenebisac 
rylamide, and the like. 
The mechanism by which the aforementioned addi 

tives function to provide polyacrylate elastomers with 
improved elastic modulus, tear strength and abrasion 
resistance is not fully understood. Moreover the effec 
tiveness of individual additives varies as does the 
amount needed to achieve the desired result. I have 
found that acrylic acid esters and N-substituted acryl 
amides provide desirable improvements in the aforesaid 
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physical properties and are therefore preferred addi- _continued 
tives in the practice of the invention. I have also found Pans by weight 
that the compatibility of the additive with the elastomer 3 5 
is important in achieving the desired results and to the Ethyl hemoate ‘ 
extent that any given additive is incompatible it is less 5 (50% active) 112 
effective- F or example’ methylene bis?crylamide is rela" (1) 94% of a mixture of 85% ethylacrylate and 15%butylacry1ate - 6% vinylchlor 
tively incompatible with the elastomers; However, if mam _ _ 
?nely divided it is effective. (2) BLE - acetone-dlphenylamide condensate 

Thus, the amount of the various additives needed The com ositions were com ounded on a standard 
may vary widely‘ Generally’ however’ I have found 10 2-roll rubberr, mill cured for l5pminutes at 330° F and 
that improvements in the properties of the elastomer are ostcured for 4 h’ours at 350° F 
realized when the additives are used at a concentration p ' 
of from about 0.5 to 10 parts per 100 parts of elastomer, (Compositions B thl'u N) 

212112255321)“, from about 0'75 to 3 parts per 100 parts 15 Table 1 illustrates the considerably increased elonga 
The elastomer compositions may be compounded tion and lower modulus with minimal or no eff?“ on 

with other conventional compounding ingredients such temple proper/“es as ‘fompared ‘With composmon A 
. . wh1ch does not contam the add1t1ve. Moreover, the 

as carbon black and other ?llers’ antloxldams’ Sulfur’ Table illustrates the signi?cant improvement in tear 

2232118 izg?iq?gstglcz?rz’s 33kt}: $2251?- 20 strength achieved, the general overall retention of com 
, , . . . . . 

Physical properties in the following examples are Rresslon. set propemes and an Improvement m the abra 
s1on resistance. 

Table I 
Additive 

A B C D E F G H J K L M N 

Oxydimethylene bisacrylamide — 0.75 1.5 3.0 
Isobutoxymethyl acrylamide 0.75 1.5 3.0 
Pentaerythritol diacrylate 0.75 1.5 
Pentaerythritel tetraacrylate 0.75 1.5 
Acrylamide 0.75 1.5 
Stress-Strain ProErties 
Modulus, psi at 100 1690 1410 1165 1040 1380 1205 1160 1265 1165 1335 1235 1250 1110 
Tensile, psi 2155 2125 2035 1925 2045 2080 1990 2110 2060 1950 2060 2080 1960 
Elongation, % 125 145 165 165 140 160 160 155 165 145 160 160 165 
Hardness, Shore 71A 73A 72A 70A 71A 70A 73A 69A 69A 71A 70A 69A 68A 
Tear Strength, Die C pli 100 132 134 142 112 126 131 - —- -— -— - — 

NBS Abrasion (Blocks cured 20 
min. at 350' F., post cured 
6 hrs. at 350° F.) 52.9 58.1 78.1 67.0 

Compression set, % (blocks 
cured 20 min. at 330° F., 
post-cured 6 hrs. at 
350° F., Method B) 32.0 29.0 30.5 28.5 30.5 28.0 28.0 36.0 29.5 30.0 33.0 30.0 30.0 

determined according to conventional procedures: vol 
ume swell in hydrocarbon oils in accordance with EXAMPLE 2 
ASTM D 471; compression set in accordance with 
ASTM D 395, Method B and abrasion resistance in 
accordance with ASTM D 1630. 

Following the procedure of Example 1 the additives 
shown in Table II were evaluated in the formulation 
below: The following examples more fully describe the in- 45 

vention and its advantages. 
Formulation 

EXAMPLE 1 Parts by Weight 

The additives shown in Table l were incorporated Polymer (1) 100 
into separate portions (containing 100 parts of elasto- 50 5:23:33“ black 68 5 
mer) of the following masterbatch formulation: sorbimn monosteame (2) 1:0 

Antioxidant (3) 4.0 

(sscadyium Z-etlmylhexanoate - 0 active 8.0 
Parts by welght Sulfur 0.25 

gclizgltgg?ggn Black 1% 55 (1) 94% ethyl aerylate - 6% vinyl chloroacetate 
Stearic Acid 28 (2) ‘""?mm 
Antioxidama) 28 (3) BLE : acetone - diphenylamine condensate 

Table II 
Additive A B C D E F G H J 

Methylenebis 
acrylamide 1.0 2.5 — — - _ 

N-Methylol 
acrylamide 0.25 0.5 1.0 2.5 5.0 10.0 
Stress-Strain 
Properties 
Modulus, psi 
(1 100% 1170 927 800 1035 1035 780 636 632 667 
Tensi1e,.psi 2040 2000 1910 1965 2033 1935 1818 1817 1800 
Elongatlon, % 170 205 220 186 199 228 247 262 266 
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Table II-continued 
Additive A B c D E F G H J 

Hardness, ShcreA 76 7s 74 7s 76 76 74 75 76 

Table II illustrates the effect of increasing concentra 
tion of N-methylolacrylamide on the elasticity. 

EXAMPLE 3 

Following the procedure of Example 1 the additives 
shown in Table III were evaluated in the formulation 
below: 

M 
Parts by Weight 

Polymer (1) 100 
FEF Carbon Black 60 
Stearic acid 2 
Sulfur 0.25 
Sodium Z-ethylhexanoate 
(50% active) 8.0 

(l) 94% ethyl aerylate - 6% vinyl ehloroacetate 

Table III 
Additive A B C D 

Isobutoxymethylacrylamide 1.5 
N-Methylolacrylamide 1.5 
Ethyienedimethacrylate ' 1.5 
Trimethylol propane tn'mcthacrylate 1.5 
Stress-strain properties: cured 15 min. at 330° F., post 
cured 4 hours at 350' F. 

A B C D Control 
Modulus at 100%, psi 1475 870 1450 1240 1740 
Tensile, psi 2130 1880 2065 2000 2070 
Elongation, % 152 175 142 160 135 
Hardness, Shore A 75 73 80 75 75 
Tear, Die C, pli — 146 — — 116 
NBS Abrasion‘ 61.0 61.5 52.5 55.5 54.5 
Oil aging: Samples aged in ASTM No. 3 oil for 1 week 
at 300' F. 

Modulus at 100%, psi 1140 975 1200 1220 1520 
Tensile, psi 1990 1900 1950 1850 1985 
Elongation, % 155 171 146 145 122 
Hardness, Shore A 64 62 68 65 64 

‘Blocks cured for 20 minutes at 330' F. and post-cured for 6 hours at 350' F. 
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The data in Table III illustrates the improvement in 
elasticity of Compositions A through D versus the con 
trol; improved abrasion resistance and tear strength; 
and retention of elasticity of Compositions A through D 
following aging in hot oil. 

I claim: 
1. A polyacrylate elastomer having improved elastic 

ity produced by (A) copolymerizing a major proportion 
of one or more acrylic acid esters and from about 1 to 
about 10 mole percent of an active-halogen containing 
vinyl monomer to form a copolymer, (B) adding to said 
copolymer from about 0.5 to about 10 parts, by weight, 
per hundred thereof, of an unsaturated compound se 
lected from the group consisting of (1) mono- and dies 
ters of acrylic or methacrylic acid and an alkylene diol, 
(2) mono-, di- and triesters of acrylic or methacrylic 
acid and a polyhydric alcohol having the formula R-C( 
CH2OH)3 wherein R is hydrogen or lower alkyl, (3) 
mono-, di-, tri- and tetraesters of acrylic or methacrylic 
acid and pentaerythritol, (4) acrylamide or methacryl 
amide, (5) N-alkyl or N,N-dialkylacrylamides or metha 
crylamides, (6) N-alkoxyalkyl or N,N-di(alkoxyalkyl)a 
crylamides or methacrylamides, (7) N-methylolacryla 
mide or N-methylolmethacrylamide, (8) alkylenebisac 
rylamides or methacrylamides and (9) oxydialk 
ylenebisacrylamides or methacrylamides and (C) vulca 
nizing the resultant composition with sulfur. 

2. The elastomer of claim 1 wherein said active-halo 
gen containing vinyl monomer is vinyl chloroacetate. 

3. The elastomer of claim 1 wherein. said unsaturated 
compound is an acrylic acid mono-, di-, tri- or tetraester 
of pentaerythritol. 

4. The elastomer of claim 1 wherein said unsaturated 
compound is N-methylol acrylamide. 

5. The elastomer of claim 1 wherein said unsaturated 
compound is added in an amount of 0.75 to 3.0 parts per 
hundred. 


